Thermodynamically miscible polymer blends display a broadening of the relaxation spectra with respect to homopolymers and two separate relaxation processes that reflect the component's segmental dynamics. Both are considered as signatures of dynamic heterogeneities [1] [2] [3] [4] [5] [6] . Theoretical models [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] have been considered in explaining these experimental features. In all cases, increasing the dynamic asymmetry, i.e., by increasing the difference in the glass temperatures (ΔT g ) of the parent homopolymers, enhances the dynamic heterogeneity. However, polymer mixtures with large disparity in their mobility are usually composed from monomers of different polarity and/or rigidity that tend to phase separate. In addition, even the known miscible blends show a miscibility window only for certain molecular weights, compositions, temperatures and pressures. In the quest for the truly miscible blend with a large dynamic asymmetry an obvious choice is mixtures of a homopolymer with its oligomers.
Dielectric spectroscopy (DS) [4, 6, 8, 11, 12, 14, 15, [18] [19] [20] [21] [22] [23] [24] and molecular dynamics (MD) simulations [16, 17, [25] [26] [27] [28] [29] [30] [31] [32] represent versatile and complementary tools in studying segmental dynamics in polymer blends. In this letter we report on the local dynamics in perfectly miscible blends of polystyrene with oligostyrene possessing a large dynamic asymmetry (ΔT g =123 K) by MD and DS spanning about 12 decades in time. The blends display clear signatures of a dynamic heterogeneity as evidenced by the bimodal relaxation in both MD and DS. This allowed (i) testing the validity of the self-concentration model [9] and (ii) an independent and quantitative account for the slower dynamics through MD. The relation of the corresponding dynamic length scale with the static length scale corresponding to the static structure factor for the polymer chains is explored.
The studied homopolymer PS 68 had M w =7150 g/mol and M n =6800 g/mol (about 65 monomers). The oligomer PS 3 had M w =M n =370 g/mol. The tacticity of PS 68 was obtained from 13 C NMR, giving 18% iso, 46% atactic and 36% syndiotactic sequences. The blend dynamics was investigated by probing the dipole perpendicular to the backbone by DS and MD. The dielectric loss curves in the blend, shown in Fig. 1 , are clearly bimodal with "slow"
and "fast" processes reflecting the PS 68 and PS 3 relaxations in the blends. Two HavriliakNegami (HN) functions together with the conductivity contributions at lower frequencies/high temperatures are necessary to deconvolute the spectra (See the Supplemental Material [33] for the analysis of the DS and MD dynamics). Details about the all atom MD simulations employed in this study and the equilibration procedure are given elsewhere [30] .
In MD simulations, the segmental dynamics of polymer melts can be studied by calculating time-autocorrelation functions of a vector, v b , along the monomer. Here we choose a vector that connects the carbon of the backbone CH group with the center of mass (CM) of the phenyl ring [30] . In more detail, segmental dynamics is quantified, in both MD and DS, through the first Legendre polynomial:
, where θ is the angle of v b vector at time t relative to its original position.
Fig . 2 depicts the P 1 (t) autocorrelation curves of the C-CM ring for the blends and the respective homopolymers at 463 K obtained from MD. P 1 (t) exhibits a small rapid decay at short times (t<10-100 ps) followed by a rather slow de-correlation at later times. This shorttime regime (not shown here) corresponds to a primitive (bond vibrations and angle librations) relaxation (Debye-Waller factor), whereas the long-time regime corresponds to the segmental relaxation. In agreement with DS, bimodality is evident in MD simulations as well.
The P 1 (t) data were fitted (for times t>10 ps) by a KWW stretched-exponential function
] where, τ KWW, is a characteristic relaxation time, β the stretch exponent and A a pre-exponential factor that takes into account relaxation processes at very short time scales. The segmental correlation time, τ s , defined as the integral of the above equation, can be calculated numerically and is presented below in Fig. 3 . . The effective glass temperature T g , eff is determined from the macroscopic T g (φ) but now evaluated at φ eff , which for two components A and B is defined as:
where φ A and φ A are the bulk volume fractions of A and B, respectively. Lipson and Milner [32] proposed a modification of the above expression that resulted in a self-consistent definition (i.e., self-consistent Lipson Milner, SCLM):
In the above relation, p, the probability that an intermolecular neighbor within a volume V K is of type A irrespectively of the type of the central atom is given by:
For the macroscopic composition dependence of the glass temperature the model suggests the Fox equation [23] . However, the Fox equation cannot describe the "effective" T g values in blends, the latter measured by DSC. Here we employed the Gordon-Taylor equation instead (with the value of the adjustable parameter K=3.08).
In Fig. 3 we test the SCLM model predictions for the "slow" and "fast" component dynamics against the full τ(T) dependence. (Fig. 3a) . This has been discussed in the literature as reflecting the dynamics of the "faster" component that is now confined within the frozen domains of the "slower" component [35] . Cleary, the model does not take into account such confinement effects that can lead to a Arrhenius temperature dependence.
In view of these deficiencies associated with the SCLM model, we employ MD simulations as a guide in predicting the effective composition for each component in the blends that best fit the combined DS/MD τ(T) dependence. In more detail, from the MD simulations we directly calculate apparent distance dependent self-and effectiveconcentrations defined as:
where M i (r) and M i intra (r) are the total and the intra-molecular atom mass of neighbors of type i (A or B) within a sphere with radius r around a central atom of type i. Brackets denote statistical average. Furthermore, we can also calculate effective concentrations by employing Eq. 1 (LM model) and Eq. 2 (SCLM model) using the values for φ self,i and p calculated directly from the MD simulations.
In Fig. 4a-d we present the MD result for self and effective composition denoted as φ eff,i MD, LM and SCLM, calculated respectively using equations (4), (1) or (2). Self concentration, as expected, is much larger for 65mer than 3mer for a given length scale, and does not depend on the concentration. Notice that φ eff,i obtained through MD differs substantially from the LM model. This is in agreement with earlier MD simulations that emphasized the importance of distributions of intramolecular concentrations on the dynamics especially in dilute blends [17] . A direct comparison of the simulation with the LM model can be made by calculating the composition within a sphere with the same volume as an l K 3 cube,
i.e., within a radius of r= l K /2*(6/π) 1/3 =0.9 nm, resulting in φ Self,A~0 .48 (Fig. 4a) . 
